Twenty-four 11-day-old New Hampshire X Columbian cross male chicks were used in a 12-day growth and mineral balance randomized block experi ment to compare the effect, on the availability of dietary zinc, of adding phytic acid to an amino acid diet with that of adding phytic acid to a casein diet. Phytic acid decreased the availability of zinc in the absence of protein, with amino acids serving as the nitrogen source, to as great an extent as when casein was present in the diet.
It is well established that zinc is less available from plant protein than from animal protein diets (1â€"5).3 It is further suggested that the natural inhibitor in plant (soybean) protein diets is phytic acid and that phytic acid must be in com bination with protein to make zinc unavail able (6) . McCall et al. (7) further sug gest that a structural feature of the pro tein is responsible for zinc binding. In the present investigation we employed an amino acid diet for chicks, developed by Dean and Scott (8) , to determine whether phytic acid would decrease the availability of dietary zinc in the absence of protein, with amino acids serving as the nitrogen source, to as great an extent as when a protein such as casein is present in the diet. The criteria used for measuring zinc availability were physical appearance, daily gain in weight, grams of diet re quired per gram gain in weight and micrograms of zinc per gram femur ash. Ear lier work with pigs" (9), chicks,5 and rats (10) has shown increased levels of dietary zinc to result in an increased concentra tion of zinc in bone tissue. The percentage ash in the dry lipid-free femur was also determined to learn whether any difference in this value existed between zinc-deficient chicks and those receiving an adequate level of dietary zinc. In an earlier study O'Dell et al. (11) noted that the percent age ash in tibiae of severely zinc-deficient chicks was lower (the difference ap proached significance at the 5% level) than the percentage ash in tibiae of con trols.
METHODS
Twenty-four 11-day-old New Hampshire X Columbian cross male chicks, that had been fed the casein basal diet described in table 1 from seven days of age and which averaged 93 g in body weight, were alloted at random in a randomized block experi ment to individual cages in a stainless steel battery for a period of 12 days. Feed and demineralized water were supplied ad lib itum in glass feeders and waterers. Feed consumption and weight gains were re corded. Room temperature, which was not controlled, varied from 27.8Â°to 31.7Â°. At the end of the experiment femurs and diets were analyzed for zinc by the method of Butts et al. (12) . Diets were further anal yzed for phytic acid content by the method of Holt (13) , adapted by developing color in a 50% ethanol medium; total phospho rus was determined by the method of Taussky and Shorr (14) and calcium by the chelometric method of Malmstadt and Hadjiioannou (15) .
Analysis of variance, accompanied by the t test, as given in Goulden (16) , was used to test the data statistically. Differ- 3 and 4) show that with either casein or amino acids serving as the source of nitrogen, the addition of 1.8% phytic acid to the diet decreased daily gain in weight, increased the amount of diet required per gram gain in weight and decreased the concentration of zinc in femur ash. From this it may be concluded that phytic acid decreases the availability of dietary zinc in the absence of protein, with amino acids serving as the nitrogen source, to as great an extent as when a protein such as casein is present in the diet, in contrast with the earlier re port by O'Dell and Savage (6), who sug gested that phytic acid must be in combin ation with dietary protein to make zinc unavailable. Thus it appears that protein, if required, acts in the intestinal tract and may be of metabolic origin. Specific amino acids may chelate zinc as discussed by Gurd and Wilcox (18) . Chicks fed both the casein and the amino acid phytic acid diets were obviously zincdeficient.
However, except for being smaller, their physical appearance was not noticeably different from that of the con trols. Since feathers of both control and zinc-deficient birds were damaged by the cages, valid comparisons of this nature could not be made. Other clinical symp toms characteristic of zinc deficiency, such as keratosis and dermatitis of the feet, might have develeoped if the chicks had been kept on trial for a longer period of time. The percentage ash in the dry, lipid-free femur of zinc-deficient birds fed phytic acid diets was not significantly lower than that of controls.
Chicks receiving phytic acid + EDTA in their diet gained more weight per day, re quired less diet per gram gain in weight and had a higher concentration of zinc in their femur ash than chicks fed phytic acid diets without EDTA. When compared with chicks fed the amino acid control diet, chicks fed the amino acid diet to which phytic acid + EDTA had been added gained less weight per day, had a higher feed-to-gain ratio and a lower concentra tion of zinc in their femur ash. Differ ences in weight gain and feed-to-gain ratio were not apparent between chicks receiv ing the phytic acid + EDTA diet and the control group when casein served as the source of nitrogen. However, chicks re ceiving the casein phytic acid + EDTA diet had lower levels of zinc in their femur ash than chicks fed the casein control diet.
Thus, addition of EDTA increased the availability of zinc in phytic acid diets. Similar effects of EDTA when plant protein diets were fed have been noted with turkey poults (17) , chicks (4) and rats (10) . The fact that daily gain in weight and feed-to-gain ratios of chicks fed phytic acid + EDTA diets differed from the control in the case of the amino acid diet, but not when casein served as the nitrogen source, suggests that although chicks fed the casein phytic acid + EDTA diet received adequate amounts of zinc, birds fed the amino acid phytic acid + EDTA diet did not receive quite enough of this trace mineral for optimal growth and feed efficiency. Since the amino acid diets contained slightly higher levels of zinc than casein diets (table 2), this ob servation supports further the statement made earlier that phytic acid decreases the availability of dietary zinc in the absence of protein, with amino acids serving as the nitrogen source, to as great an extent as when casein is present in the diet.
